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SUMMARY

In 1988, the Pacific Northwest Laboratory installed a multiport ground-

water sampling system in well 399-1-20, drilled north of the 300 Area on the

Hanford Site in southeastern Washington State. The purpose of installing

the multiport system is to evaluate methods of determining the vertical dis-

tribution of contaminants and hydraulic heads in ground water.

Well 399-1-20 is adjacent to a cluster of four Resource Conservation and

Recovery Act (RCRA) ground-water monitoring wells. This proximity makes it

possible to compare sampling intervals and head measurements between the

multiport system and the RCRA monitoring wells. Drilling and installation

of the multiport system took 42 working days. Six sampling ports were

installed in the upper unconfined aquifer at depths of approximately 120,

103, 86, 74, 56, and 44 feet. The locations of the sampling ports were

determined by the hydrogeology of the area and the screened intervals of

adjacent ground-water monitoring wells.

The system was installed by backfilling sand around the sampling ports

and isolating the ports with bentonite seals. The method proved adequate.

For future installations, however, development and evaluation of an alter-
native method is recommended. In the alternative method suggested, the

i multiport system would be placed inside a cased and screened well, using

packers to isolate the sampling zones.
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INTRODUCTION

A Westbay multiport ground-water sampling system was installed in a

borehole on the Hanford Site as part of Pacific Northwest Laboratory's

(PNL's) Hanford Site-Wide Ground-Water Monitoring Project. Installation of

the multiport system is part of a program to evaluate methods for determining

the vertical distribution of contaminants and hydraulic heads in ground

water. Borehole 399-1-20 was drilled for the multiport system in November

1988 by Onwego Drilling Company, Richland, Washington, under subcontract to

PNL. PNL furnished contract management and supervised the drilling and

installation of the multiport system. Geologic data were gathered by PNL

personnel. Under contract to PNL, Westbay Instruments Ltd. provided initial

consultation on the assembly and installation of the system.

Borehole 399-1-20 is located on the Hanford Site in southeastern

Washington State (Figures 1 and 2). Hanford Plant coordinates for the bore-

hole are N55,795.2 E15,707.5. Ground surface elevation is 383.16 feet above

<;z mean sea level and the top of the casing is at 385.46 feet above mean sea

level. The multiport system was installed to the north of the 300.Area,

immediately adjacent to a cluster of four Resource Conservation and Recovery
Act (RCRA) ground-water monitoring wells completed at various depths in the

^ aquifers within the suprabasalt sediments (Figure 3). This location makes

- it possible to compare sampling intervals between the multiport system and

the RCRA monitoring wells.

This report summarizes the drilling and installation of the multiport

system in borehole 399-1-20.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The Westbay system is a multiport system that provides data on vertical

ground-water contamination and hydraulic head distribution representative of

formation conditions from a single borehole. The system's major advantage is
its modular design, which allows versatile monitoring configurations that can

be easily customized to any location and installed in a single well. Another

advantage is that the samples and pressure measurements are taken outside the

access tube through the sampling port. This eliminates the need to purge the

access tube during sampling, and therefore the sample's fluid chemistry is

rn not altered as a result of degassing, oxidation, biogenic activity, and pre-

cipitation. The lag time on fluid pressure measurements is also reduced

relative to a conventional standpipe well. Additionally, the multiport sys-
r"; tem allows the integrity of coupling valves, joints, and the annular seals

- to be verified during installation and operation.

' One of the major disadvantages of the system is that the operation of

the system is labor intensive and requires substantial training. The instal-

lation of the system in a backfilling operation is also more difficult than
conventional standpipe well construction, because the multiple screened

intervals and the polyvinylchloride (PVC) construction require additional

protection during backfilling. In addition, very little maintenance can be

performed after the system is installed by backfilling, and should the system

components fail, the life span of the system would be curtailed.

RECOMMENDATIONS

A method for multiport installation should be developed in which the

multiport system could be placed in a multiple-screened and cased well.

Filter pack and bentonite seals would be placed between this casing and the

borehole wall. The multiport system would be placed inside the casing, using

packers to isolate sampling intervals (Figure 4). This type of installation

would allow the system's components to be removed and repaired and would

probably extend the useful life of the system. In addition, the multiport

5
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system would not be subject to potential damage during the backfilling

operation. A similar installation technique has been used successfully by

Orange County Water District, California.
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GEOLOGY AND GEOPHYSICAL LOGGING

The stratigraphy of borehole 399-1-20 closely correlates with that of

the adjacent RCRA monitoring wells (399-1-9, 399-1-8, 399-1-7 and 399-1-6).

Three major stratigraphic units were encountered during drilling: in ascen-

ding order, the Columbia River Basalt Group, the Ringold Formation, and the
glaciofluvial/fluvial sediments. A lithology diagram is presented in the

appendix.

The basalt was encountered at 176 feet below ground surface and basalt

was present at the total depth of 187 feet. The basalt correlates with the

Saddle Mountain Formation, which is the uppermost formation of the Columbia

River Basalt Group identified in adjacent wells (Schalla et al. 1988). The

basalt was black to blue gray, with abundant red iron staining and some sul-

fide coatings resembling pyrite. The basalt exhibited a very scoriaceous

^ texture and contained approximately 5% caliche by volume. The caliche is
suggested to be a surface-weathering product.

The Ringold Formation extended from 50 to 176 feet below land surface
° and could be divided into two distinct lithologic units. The upper unit is

predominantly composed of sandy gravels, and the lower unit is predominantly
composed of silty clays. These units have been identified in the literature

as the middle Ringold and the lower Ringold, respectively (Schalla et al.
1988). The upper, coarse-grained lithologic unit extends from 50 to 118 feet

below ground surface and the lower, fine-grained unit ranges from 118 to

176 feet below ground surface. The upper sandy gravels contain a high per-

centage of basalt clasts, with smaller amounts of quartzite, feldspars, sand-

stones, and other lithoclasts. This unit can be texturally characterized as

a mixture of sands, gravels, and small amounts (less than 10%) of silt. The

lower unit is composed predominantly of silts and clays. The silt and clay

percentages of the samples ranged from 40% to 80%. The clay is estimated to

be approximately 10% to 20% of the silt/clay fraction, with a distinct layer

of clay between 132 and 134 feet. A sample of wood was obtained from the

106- to 108-foot interval. Radiocarbon dating performed on the wood sample

by Washington State University indicated a date of >20,000 years before

present (see appendix).

9



Undifferentiated glaciofluvial sediments occur between the surface and

50 feet below the surface. These sediments are composed of unconsolidated

sands, gravels, and silts comprising mostly basaltic clasts, with a smaller

portion of volcanic, metamorphic, and silica-rich grains. Thin beds aver-

aging a foot in thickness are inferred from the behavior of the drill

between 45 and 50 feet below the ground surface. This bedding is suggested

to contain fining upward layers of gravels, sands, and silts.

^

Pacific Northwest Laboratory completed three geophysical logging runs on

borehole 399-1-20. The first logging run was conducted on October 20, 1988,

logging between 0 and 134 feet below surface with a natural gamma probe prior

to setting the 10-in. diameter casing. The second logging run was conducted

on October 24, 1988, using the natural gamma probe between 4 and 186 feet

below surface. The well was not yet cased between 134 and 187 feet below

surface, which allowed high-resolution logs to be taken in this interval.

The natural gamma logs confirmed the lithologic variations and were used in

the selection of sampling ports. The third logging run was conducted on

November 2, 1988, using the density probe. The density probe provided infor-

mation on the general condition of the well and was used to determine where

the well might have caved in when the temporary casings were extracted. The

geophysical logs are presented in the appendix.

10



DRILLING OPERATIONS

Well 399-1-20 was drilled using a Bucyrus Erie 22-W cable tool drilling

rig utilizing the hard tool method (Driscoll 1986). Drilling operations

began on October 5, 1988, and continued until November 8, 1988, for a total

of 26 days of drilling (Figure 5). The final depth of the well was 187 feet

below land surface. Temporary telescoping carbon-steel 12-in.-diameter cas-

ing was placed from the surface to a depth of 133 feet and temporary carbon-

steel 10-in.-diameter casing was placed from the surface to the total depth

of 180 feet. A minimum 10-in. casing size was required to accommodate work-

ing room for the tremie pipe and protective casing around the multiport sys-

tem during placement of the annular filter packs and seals.
If9

The well was initially drilled to a total depth of 187 feet on Octo-

ber 21, 1988. While the 10-in. casing was being placed in the well after
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approximately 160 feet in a predominantly clay and silt zone. It was deter-

mined that the end of the 10-in. casing had collapsed due to this resistance

and required removal. The now-distorted end of the 10-in. casing prevented

it from being drawn back up through the 12-in. casing during removal. There-

fore both the 10-in. and 12-in. casings had to be removed at the same time.

After the casings were removed, the borehole partially filled with caved-in

material. The well was then redrilled from a depth of approximately 15 feet

to 187 feet. During redrilling, the original borehole was retraced to the

final depth, as several facts indicated: 1) the redrilling rate was approx-

imately twice as fast as the original drilling rate; 2) the casing could be

driven in more easily during the redrilling; 3) sands and gravels were

encountered in clay and silt formations, indicating that sands and gravels

had caved in; 4) occasionally the drill bit would drop 0.5 to 4 feet through

open hole during redrilling; and 5) the drill bit dropped through the basalt,

indicating the original borehole had been retraced to the final depth in the

basalt at 187 feet below ground surface.

12



COMPLETION AND INSTALLATION

The multiport casing and port intervals were calculated and the pieces

laid out in order on saw horses near'the borehole. Each casing length was

given a number sequentially from the bottom of the monitoring well, and an

appropriate coupling was attached to the top of each casing. All casing

lengths were measured and recorded (see appendix). The multiport components

were protected by plastic shipping covers until installation. Casing lengths

were 10 feet or less, in divisions of 5 feet, 2 feet, and 1 foot. The multi-

port system was constructed of 1.5-in. inside diameter (ID) PVC pipe with

well screens that measured 2.88-in. outside diameter (OD). The multiport

system was assembled as it was placed in the well inside a 4-in. Schedule-80

PVC protective casing. This protective casing was used to protect the multi-

port system and keep the screens free of seal material. A centralizer was

r, placed 10 feet from the bottom of the protective casing to center the multi-
_ port system in the well. As the multiport system was placed in the well,

each assembled joint was hydraulically tested by application of a minimum

internal pressure of 100 psi. After the multiport system was properly posi-
tioned and secured, the annular seal materials were placed around it.

During backfilling, the temporary carbon-steel casing was slowly
4

removed, always leaving a minimum of 1 to 2 feet of overlap of backfill mat-

erial in the temporary carbon-steel casing. The temporary casing was removed

using a cable-tool rig. This method of removal was awkward, requiring the

^ use of three cable lines on the rig. One line was used to hold the tremie

pipe, the second to hold the protective casing, and the third to pull the

casing (Figure 6). In future wells, the temporary casing could be removed

using hydraulic jacks, thus freeing one of the cable lines, allowing more

working room in the casing, and reducing the chances of damaging the multi-

port system during withdrawal of the casing. When the temporary carbon-

steel casing was cut with an acetylene cutting torch, the protective casing

around the multiport system was shielded from the heat. Both a metal over-

sleeve and 4-in.-diameter steel pipe that was adapted to screw into the

4-in.-diameter PVC pipe were used. The adapted 4-in. steel pipe was con-

sidered the easier to use.

13
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FILTER PACK AND ANNULAR SEAL MATERIALS

0%

-4

The bottom 55 feet of the well (between 132 and 187 feet) was abandoned
and sealed to ensure that isolation was maintained between the unconfined and
uppermost confined aquifers. The seal consisted of a layer of bentonite clay
from 187 to 164 feet, a layer of Portland cement with 10% bentonite from 164
to 140 feet, and another layer of bentonite clay from 140 to 132 feet. The
multiport system was then completed from 132 feet up to the surface.

Six sampling ports were placed, at 120.4 feet, 103.4 feet, 86.4 feet,

74.36 feet, 56.32 feet, and 44.3 feet below land surface. Backfill around

the sampling ports was 20-40 mesh Colorado Silica Sand emplaced by gravity

feed. Each sampling port has approximately 2.5 feet of this sand filter pack
above it and 4.5 feet of sand filter pack below it, for a total sampling

interval of approximately 7 feet (Figure 7). Medium-size Enviroplug ben-

tonite crumble chunks were placed between the sand filter packs as a seal to

isolate each sampling interval. The medium-size Enviroplug is composed of
irregularly shaped bentonite pieces that range in size from 0.25 to 1.0 in.
Enviroplug was chosen over bentonite pellets because the quality of the

pellets that were purchased at approximately the same time as the con-
struction of this well were poor, and often moisture had entered the
packaging. It was determined in construction of other wells that the

Enviroplug did not become as sticky on the surface as quickly as the pel-
lets, and therefore "bridging" or clogging inside the temporary casing was
minimized. The minimum thickness of the bentonite seals between the ports
was 3.9 feet between ports 3 and 4; the seal was up to 10.8 feet thick
between ports I and'2. The seals were determined to be effective by

differences in the pressure transducer readings at each port (Figure 8).
Before being placed in the well, the Enviroplug was sieved through a
coarse mesh screen to remove the fines. Sieving the fines from the ben-
tonite chunks decreased the chance of bridging at the water table. A 4-in.
PVC tremie pipe was used to place the bentonite seal. Use of the tremie

pipe prevented bridging inside the temporary carbon-steel casing. Such
bridging would have had the potential to compromise the multiport system.

Any bridging that does occur will occur in the tremie pipe, which can be
removed easily from the borehole and cleaned. The bentonite chunks were

15
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poured into the tremie.pipe through a plastic funnel at approximately

2.5 lb/min. Bridging was found to occur at higher rates. The tremie pipe
was not used for the placement of the sand filter pack, and it is recommended
that the sand be poured outside the tremie pipe. This will clean and settle
out any sediments suspended in the water inside the temporary carbon-steel

casing.

A surface seal of Portland cement with 10% bentonite was placed from

20 feet to approximately 3 feet below land surface. The installation of the

multiport system was initiated on November 11, 1988, and was completed on

December 12, 1988, for a total of 16 working days. Because this was the

first installation of the multiport system in the Hanford and Ringold

Formations on the Hanford Site, developing a completion strategy took extra

time. The completion process could be shortened in future installations to

an estimated completion time of 1 to 1.5 days of completion activity per

sampling port.

DEVELOPMENT

Each sampling zone required development to remove both the naturally

occurring fine sediment and the drilling fluids that may have entered the
sampling zones during construction. In each sampling zone, the pumping port

was used to develop the zone. However, the pumping port for zone 3 (at a

depth of 85.5 feet) could not be opened. Apparently the pumping port in this

zone was damaged during installation, although the sampling port in zone 3 is

operational. Zones 1, 2, 4, 5, and 6 were developed by "overpumping," or

removing water at a greater rate than is required for sampling. This was

accomplished by opening one pumping port at a time and airlifting the water

out of the multiport casing. An average of 46 gallons of water was removed

from each zone, at an average discharge rate of 0.25 gal/min. The time

required to develop the zones ranged from approximately 115 minutes to

692 minutes. It appeared the development time was dependent on the amount of

silts and clay in each zone. Turbidity and sediment content were used as the

indicator parameters to determine when development was complete. Development

was considered complete when the water was sediment free ( <8 mg/L; Driscoll

1986) and turbidity values were below 10 NTU. The Technical Enforcement

18



Guidance Document (EPA 1986) for RCRA monitoring suggests that turbidity
values should be less then 5 NTU when obtainable. However, given the
extremely low discharge rates obtainable by this method of development, the
length of time and amount of water that would be required to reach a value
below 5 NTU in most cases made this measure impractical. The rates and
values are summarized in Table 1.

6^.

r ^+

°a1

Port

1
2
3
4
5
6

TABLE 1 . Well Development

Depth, Time, Purged, Turbidity, Discharge Rate,
ft min gal NTU aal/min

119.5 155 38 8.0 0.25
102.5 115 57 8.5 0.50
85.5 PORT COULD NOT BE OPENED
73.5 692 57 9.0 0.08
55.4 509 60 8.5 0.12
43.4 325 18 4.9 0.06

Date

1/5/89
1/10/89

1/11/89
1/15-16/89

1/17/89
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APPENDIX

WELL LOGS AND OTHER RECORDS

This appendix contains the as-built diagrams, completion/inspection
reports, casing length measurement record, radiocarbon dating results,
natural gamma log with the lithology and port intervals, and geophysical
logs.
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AS-BUILT DIAGRAM
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Reviewed by -))x^{^^ Date - Z'

Construction Data
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WELL COMPLETION/INSPECTION REPORT pq
i- I oIca

Specification NO. B•Gi317 A-E Rev. No. o Well No. Temp. Well No. (.)[t-^
Project A/c^F A(.lL• e . . I Wnlrr 4 l a COOrdindtes_ ^55395.u'l' ); 5*¢.5'

Location Casing Elev. 3a5.x' (was) GrodndElev. aa3. o wssl
Drilling o.
Driller L< nr...a DRILLING METHOD
Other (companies ) ,,, Rotary Air,v/a Mudui^
eologist(s) enµ.... f Cable Tool D H 5o,4Ee - ra7 b.ts

Drilling Flui y,,,4444^,,, w,f.e 5a,A.mfiw^4fu^
Other

GEOPHYSICAL LOGGING COMPLETION DATA AQUIFER TESTING
Sondes Interval Date Drilled Depth Type
,^; L•.„ ^- i74 iolaoltr Completed Dept ar.

n>DJ^...el G,Ww., m/saln Date Started Length of Test
Iie' 111a(fr Date Complete iAlia sf Volume Pumped

Static Water Leve Date Drawdown
Date of Test

INSPECTION RESULTS

CLEANING MATERIAL STORAGE/PACKING
Inspection Method u;,.. k Inspection Method rs..^l
Acceptance Criteria s sto. r.. Acceptance Criter a A$ 5pgo-s.c4.f6 .a

Acc p
Drilling Tools/Rig

t Reject Dat Accept Reject Datg
Mtl. Handling/Storage

Temporary Materials
M t i l

M Material Packing n ro«
Permanent a er a s

LUBRICANTS/ADDITIVES
SCREEN Slot Inspection Method \

Type Length Size Acceptance Criteria AS m„ nec,s.rrr.3
l^+bn^ yuC - SlotFsa 1' 1_0 Ident^ Accept Reject Date

•^hn^ PVC - 51et4s r, 10 Additives ^r Aea W,ter o
De

p
tr s ^ 1rr4 Lubricantsp_ ^

Inspection et o
a

+n STRAIGHTNESS TEST
Acceptance Criter^e o Inspection Method visual

Accep Reje t ate r Acceptance Criteria
-y^,S* s

ateAccepf^l Reje^ D a ^o c
CASING t)( permanen

Type Size Placement WELL PROTECTION
.1eA(a Pue- ^yii! Inspection Method visuw\

s ^y^iEVValc) - Acceptance Criterias
ITInspectionetto t eAc pt Re^edt0 te

Acceptance Criter a s 4. Protective Posts io
Accep Rejec Date Locks

ANNULAR SEAL
Inspection Meth6d v>=yi^ , (,^i„as_+ael +gP^ Acceptance Criteria s^ se^. ySG,H x,o

Type
_

T-IntervaT Volume Accept Re7ect af^
13 ^..{nv.i^c \ IA7_- Ilo4, ^^ralss

BEh+n.,i+^ Pr..assalrM^i^.. a 5' - iaa.4, 3^ ( olb s°\ ^r/̂i.l
[nln /in Sirl^.rinYV^^YIn-VOw

. ^ y^ `

<{.).^_- /il^.H }^^6^IOpIbSE4/ //^.^^Q

OTHER ( initial if performed)
Well Abandonment A114 Downhole TV Inspection Complete As-Built Diagram,
Well Development i aorv Driller's/Geologist's Logs

For all blanks mark N/A if not applicable.
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WELL CDMPLETION/INSPECTIDN REPORT p4 E a aE a

Specification No. R-uzar-;-A-E Rev. No.Q Well No. igg_/_ao Temp. Well No. wg-,o
Project Coordinates }
Location ^no rt^ Casing Elev. jrS Groun E)ev.=4j^
Drilling Co.p„v,wgo
Driller ^^„„ Rut+c^n

=-`y

;.,.

^

SCREEN Slot
Type ' Length Size Deptti(s)

' 10 91n, • - 8
10 74' - 33
18 55.9'- 5N.9

l o H3.9' - A0,9'

Inspection Method w-r jF,Acceptance Criter ia sP . ;,
Accep^ Reject Date,y4ja/g8

ANNULAR SEAL
Inspection Method vrv F4 Lksino Acceptance Criteria^ e.5 ,SG I O

Type Interva
/OS(a'1/G1'''+ P

Volume Ac ept Re,7ect
?I `(`n1M ^^

ate
u... ,'Se.v,+o„ ^ lunSa^

' ,

lp^ ŝ

-^4,yC ^oa^a'I' a d(ao•vowe+ti) O5. 9'l^^ ,9 ^bnin,.l il
7r„^n„i) . Dlua SFn )(,..cdiu^..^ ^-^ 84a <( ^

C,J .:5'li ^+.^ d(aO+lOw,ezl.1 9Ar'' aa,a'
^

11 la

Na+urol Fill ^x- S1•1
^ +n +f. vl o^alr.^- ^_ ^7.a'

'-

^^c ore.
L88

ra^a a
AnSili (eo•4oo.csM) ^7.a' - a o.c.,l^n+ )

Lt^p^qa«I[ Ea^»L _^_- mo.a'Ban} ^ am
^Ya^s'''°_ __

,̂v^(ao•vo^,ua^^pQ,^- 53,9 te' -7,6_ / i
53, '- 48.5' jg/l/ea

ra^c;^'aa „d(an.uo^tl ^ HS•5 3$16,^ (1
.- 19.53A.4;

I
s^)•^_Ql+b

516
Cs ...c ..+ r„ ui Scal _ 1q.5,-^ . 7it8l}7• (94/bsca)

cn.,r.aic ynd a'- t.33
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CASING LENGTH MEASUREMENT RECORD

Nr

^

:_.

Project: Battelle PNL Date: November 20, 1988 Project No.:

Location: 300 Area Drillhole No.: WB-2 Nominal B.O.H.: 131.2'

Casing Size/Type: 1.5" MP Measured by: Kurt Seedhouse & Steve Airhart

Section
No.

Serial
No.

Description Nomina l
Length,

ft.

Measure d
Length. ft

Top of Coupling

Cumulative
Length. ft

Top of Coupling

Magnetic
Collars

Bottom -- En Cap 3 4" 3' 0.146' 92' 3 1 2

1 -- oup ing -- -- -- --

2 -- 2' Coup ing 7' 7' 4 .1 ' --

9 1 21 Pumping Port -- --

--

-- 8.17'

4 4069 2' Measure. Port 4' 3740 Tr 3 TF6 11.183' --

-- oup ing 0' 10' 0" 2. ' --

2116 5' umping Port 5 -- --

7 40 7 ' Measure. Port 2' 7' 2 16" .193' --

0' Coup ing ' 1 1" 38.199 --

9 Pumping Port 5' -- -- 42.20'

10 4066 2' Measure. Port ' " 45.214' --

11 2118 10' Pumping Port 10' 10' 4 6' . 54.235

1 65 easure. ort .240' --

- 10' Coup ing 1 -- -- --

1 -- 1' Coupling 1 11' 1' 68.256' --

15 2102 5' Pumping Port 5' -- -- 72.27'

16 4064 Measure. Port 75.277' --

17 2120 10' Pumping Port 10' 10' 2 16" . ' 84.28'

18 ' Measure. Port 2' 1" 87. 7' --

- i' oup ing 0' 10 9.308' --

20 -- 10' Coupling 10 10' 2 16" 107.3181 --

21 -- 10' oup ing 30' 10' 2 16' . ' --

2 oup ing i' 0' 2 1" 127.339

23 -- oup ing ' " 132.344' --

2 -- Coupling ' 1/16" 134.349' --

-- 1' N o Coup ing 11 6 ' 1 4.896' --
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WASHINGTON STATE UNIVER ITY
Department of Chemical Engineering Pullman, Washington 99164-2710 509-335-4332

RADIOCARBON DATING LABORATORY
WASHINGTON STATE UNIVERSITY

Pullman, Washington, 99164-2710
Office: (509) 335-4731
Lab: (509) 335-2417

SAMPLE REPORT FORM - FiNAL REPORT

n

i.

NAME OF SUBMITTER DATE RECEIVED

Tyler J. Gilmore October 31, 1988

DATE REPORTED WSU ACCOUNT NUMBER

January 11, 1989 15L 3813 1002 #68

WSU SAMPLE NUMBER YOUR SAMPLE NUMBER 34C AGE. YEARS B.P.

*3890 wood >20,000

*This sample was counted in a 100 cc detector. The sample was
equivalent to about 51.5 mg of carbon./ YW

Sample Processed by: Welter
Sample Calculated by: Welter/Sheppard
Sample Reported by: Sheppard

NOTE: All analyses are based upon the Libby half-life (5570 ± 30 years) for radiocarbon. To
convert aees to the half-life of 5730 years, multiply the aee given above by 1.03. Zero age
date is A.°D. 1950. (Reference: Editorial Comment, RA]'llIOCARBON, Vol. 7, 1965.)
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NATURAL GAMMA LOG

..,....^
399-1-20

Depth
. In Diagram
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